In order to improve adsorption of macromolecular contaminants and promote the growth of microorganisms, active carbon for biological wastewater treatment or follow-up processing requires abundant mesopore and good biophile ability. In this experiment, biophile mesopore active carbon is produced in one-step activation with orange peel as raw material, and zinc chloride as activator, and the adsorption characteristics of orange peel active carbon is studied by static adsorption method. BET specific surface area and pore volume reached 1477 m 2 /g and 2.090 m 3 /g, respectively. The surface functional groups were examined by Fourier transform infrared spectroscopy (FT-IR). The surface of the as-prepared activated carbon contained hydroxyl group, carbonyl group, and methoxy group. The analysis based on X-ray diffraction spectrogram (XRD) and three-dimensional fluorescence spectrum indicated that the as-prepared activated carbon, with smaller microcrystalline diameter and microcrystalline thickness and enhanced reactivity, exhibited enhanced adsorption performance. This research has a deep influence in effectively controlling water pollution, improving area water quality, easing orange peel waste pollution, and promoting coordinated development among society, economy, and environment.
Introduction
There is still no economic and applicable treatment method to deal with the wastewater after biochemical process with high residual concentration of COD and BOD [1] [2] [3] . Especially, the concentration of COD and NH 3 -N of landfill leachate reached 419∼622 mg/L and 12.4∼174.0 mg/L, respectively [4] . Moreover, BOD 5 /COD is less than 0.012 [5] . This result leads to a serious imbalance ratio of C : N : P. Thus, the wastewater is difficult to be further biodegradation. In addition, the landfill leachate after biochemical treatment still contains a lot of naphthenic hydrocarbons, esters, carboxylic acids, phenol, and other toxic substances [6, 7] . Therefore, developing an efficient, stable, and advanced treatment of wastewater is of great technological and scientific significance.
Biological activated carbon (BAC) has great advantages in low concentration and refractory organic wastewater degradation [8] [9] [10] . The advantages of BAC include several aspects as follows. (1) The adsorption function of active carbon [11, 12] : organic matter is enriched in carbon particles, increasing contact time of organic matter and microorganisms and providing favorable conditions for microbial acclimation, so that the refractory material can be removed [13, 14] .
(2) Adsorption of active carbon increases organic matter concentration around carbon particles, which is favorable to biological degradation [15, 16] . (3) The rough surface with cracks and honeycomb pits provides residential area for dominant bacteria to evade fluid shear stress [17, 18] . (4) The active carbon with strong adsorption capacity can absorb dissolved organic matters (DOMs). These DOMs provide food for the dominant bacteria [19, 20] . (5) Intense microbial activity accelerated the removal of organic matter. Even in the condition of low organic content, microorganisms still grow actively and decompose organic matter constantly due to the accumulation of carbon surface. And then the concentration of organics in the effluent decreased [21, 22] . (6) Active carbon reduces the effect of harmful substances to microorganism in water [23, 24] . This is mainly because the 2 Journal of Chemistry adherent microorganism can resist poison of biodegradable organic compounds.
Orange peel with porous structure possesses hydrophilic surface group [25] . This is a cheap adsorbent. The adsorption can be enhanced by carbonization and activation [26] . During the activation process, activator can get into the interface due to the natural pore of orange peel [27] . Thus, the activation reaction can be in progress under a mild condition. The as-prepared active carbon with loose pore structure and large specific surface area and massive surface functional groups possesses favorable biophile characteristic and adsorption performance.
In this study, biophile mesopore active carbon was prepared by waste orange peel as raw material to deal with effluent of landfill leachate after biochemical treatment. Based on experiments, peel biological activated carbon technology for wastewater treatment was developed. Furthermore, a subsequent processing method for refractory organic leachate was investigated.
Materials and Methods

Raw Materials.
The raw materials of producing active carbon are the processed orange pomace obtained from Chongqing Three Gorges Fruit Group. This citrus pericarp was dried and crushed sieving through 60-mesh sieve. The specifications and production units of regents and materials used in this experiment are KBr, ZnCl 2 , I 2 , KI, HCl, N 2 , and H 2 O, respectively.
Preparation of Orange Peel Activated
Carbon. Prior to the preparation experiment, orange peel was cleaned, cut, dried, and then crushed. 10 g samples were immersed into 100 mL zinc chloride solution. After 36 h, these samples were centrifuged from the solution and dried. And then, we added proper amount of coal tar and mixed with samples. The samples with partial size of 5∼8 mm were formed by extrusion.
The heating process was under the protection of nitrogen. The flow of nitrogen was 0.2 mL/min. The reaction temperature increased to 150 ∘ C with 3 ∘ C/min, and the reaction time is 30 min when the temperature reached 150 ∘ C. Then, we increased the temperature to 300 ∘ C continuously to carbonize for 30 min. Solid samples were taken out when the temperature decreased to 20 ∘ C and were cleaned by 10% HCl and deionized water successively. The as-prepared citrus peel granular activated carbon was obtained after being dried at 105 ∘ C. The preparation process is shown in Figure 1 . The proper preparation condition of activated carbon is as follows: reaction temperature of 550 ∘ C; impregnation ratio of 3 : 1; and reaction time of 1 h.
Experimental Installation.
Biological active carbon reactor (BAC) and process chart are shown in Figure 2 . Biological active carbon pool was made of organic glass, which is a column reactor. The height of carbon pool is 2 m. Inside diameter is 63 mm. The filling height is 1800 mm. The carbon layer height is 1500 mm. The sand filters height is 300 mm. 
Characterization Instruments.
The crystal phases of the sample were analyzed by X-ray diffraction using Cu K radiation (XRD, model XD-2 instrument, Persee, China). Nitrogen adsorption-desorption isotherms were obtained on a nitrogen adsorption apparatus (ASAP-2010, USA). All the samples were degassed at 200 ∘ C prior to measurements. Fourier transformed infrared spectroscopy (FT-IR, IR Prestige-21FT-infrared spectrometer, Shimadzu, Japan) was measured on FT-IR spectrometer on the transmission mode in the KBr pellet technique: resolution is 4 cm −1 and scan is 40 times. The morphology was observed by transmission electron microscope (TEM, JEOL JEM-2010, Japan). 3DEEM of examined water was obtained by F-7000 fluorescence spectrophotometer (Hitachi, USA).
Results and Discussion
FT-IR Analysis.
The orange peel mesoporous active carbon and commercial active carbon were analyzed by FT-IR spectra ( Figure 3 ). As shown in Figure 3 , orange peel shows 4 strong absorption peaks in the region of 3500∼1000 cm These peaks could be attributed to the antisymmetric stretching vibration of -OH (at 3435.07 cm −1 ), -CH 3 and -CH 2 (at 2924.31 cm −1 ), and C=O (at 1646.40 cm −1 ), respectively [28] . The peak at 1068.77 cm −1 was attributed to the vibration absorption of C-O. These peaks indicated that the orange peel contains a lot of cellulose and hemicelluloses. After being carbonized, the absorption peaks at 3500∼1700 cm −1 disappeared. This indicated that the crystal structure of cellulose molecular chain has been destructed.
After being carbonized, the as-prepared mesoporous active carbon and commercial active carbon show the stretch vibration absorption spectra of -OH at 3750 cm −1 and 3420 cm −1 . The peak at 1840 cm −1 belongs to the nonsymmetric vibration absorption of C=O, and peak at 1750∼1640 cm
is the stretching vibration absorption of C=O. This indicated that the mesoporous active carbon and commercial carbon contain hydroxyl, carbonyl products, methoxy, and lactones. In comparison, the adsorption peak of mesoporous active carbon is stronger than the other. Strong absorption peak of mesoporous active carbon in 1630∼1520 cm −1 is stretching vibration of benzene ring skeleton. In addition, there is a C-H symmetric stretching vibration peak at 2820 cm −1 . The adsorption peak of commercial carbon at 1630∼1520 cm −1 is weak, indicating the mesoporous active carbon containing more orange. Natural groups of citrus peel active carbon were retained to hydrophilic groups, which have strong biophile characteristics.
Microstructure of Citrus Peel Active Carbon.
The microstructure of citrus peel active carbon was observed using TEM ( Figure 4 ). TEM shows that citrus peel active carbon has rich mesoporous with a few large pores. The developed pore structure of active carbon is useful for attachment of microorganisms. Figure 5 shows N 2 adsorption-desorption isotherms and pore-size distribution curves of citrus peel mesoporous active carbon and commercial active carbon. As seen in Figure 5 , according to analyzing adsorption characteristics of activated carbon from the orange peel, it was found that it had the characteristics of type I adsorption isotherm. The specific surface area of biological activated carbon and commercial activated carbon is 1477 m 2 /g and 977 m 2 /g, respectively. The pore structure of orange peel active carbon is mesoporous with 2.0 nm∼4.0 nm. Mesoporosity reached 68.9%. The average pore size of citrus peel active carbon is 2.0∼4.0 nm. This pore structure is beneficial to microbial nutrient matrix and the growth of the microorganisms. Figure 6 is the XRD patterns of citrus peel active carbon and commercial active carbon. As shown in Figure 6 , the strong and weak diffraction peaks emerged at 2 = 25 ∘ and 2 = 45 ∘ , respectively. This result indicates the existence of graphite crystallite in citrus peel active carbon and commercial active carbon. The diffraction peaks of commercial active carbon are sharper than those of citrus peel active carbon, indicating that crystallite size of citrus peel active carbon is smaller. This result can be proven by the data of Table 1 .
The Pore Size Distribution of Citrus Peel Active Carbon.
The XRD Analysis of Citrus Peel Active Carbon.
The whole wall of activated carbon is composed of graphite crystallite scale decreases, which can lead to widening or internal structure disordered, so as to form a larger specific surface area. The activated carbon is comprised of ultrafine particles possesses porous structure. The lower the crystallinity, the larger the specific surface area.
There is a close relationship between the degree of graphitization and the interplanar spacing D 002 of carbon materials. The smaller the value of carbon crystallites D 002 is, the higher the degree of graphitization might be. As shown in Figure 6 , compared with commercial activated carbon, the diffraction angle of citrus peels active carbon decreased, indicating that the degree of graphitization of citrus peels active carbon is higher than that of commercial active carbon. The decrease of microcrystalline strength leads to the stronger activity of active carbon. This result indicates that the orange peel active carbon substratum graphite trend is obvious. Table 2 is the structure parameters of orange peel active carbon and commercial active carbon. Figure 7 is the static adsorption curve of orange peel active carbon and commercial active carbon. Dosage of active carbon is 0.2 g, and the volume of biochemical water is 50 mL. Figure 8 is the TEM photographs of orange peel active carbon after absorbing biochemical water. Figure 9 is 3DEEM of biochemical water before and after being absorbed by orange peel active carbon. According to Figure 7 , orange peel active carbon exhibited good properties to adsorb biochemical water. The concentration of UV 254 and TOC has a similar change trend. The removal efficiency of UV 254 and TOC is 63.0% and 59.7%, respectively. The adsorption property of commercial active carbon is weak. The removal efficiency of UV 254 and TOC is only 52.9% and 24.8%. According to Table 2 , the pore volume of commercial active carbon is smaller than that of orange peel active carbon. There were two stages in the UV254 removal curves by citrus peel AC in Figure 7 ; they corresponded to the film diffusion and particle diffusion, respectively.
Adsorption Properties of Orange Peel Active Carbon.
According to the TEM photographs in Figure 8 , the pore structure of orange peel active carbon filled with the amount of organic matter, which means that the pores of active carbon can effectively absorb pollutants in leachate tail water.
As seen in Figure 9 , biochemical leachate tail water DOM has two obvious fluorescence peaks: UV fulvic-like fluorescence (Ex/Em = 255/455 nm, Peak, A) and visible fulvic-like fluorescence (Ex/Em = 330/405 nm, Peak, C), containing carboxyl and carbonyl groups. After being adsorbed by orange peel active carbon, ultraviolet water fulvic-like fluorescence intensity (IA) drops from 2222 to 1132, reduced by 49.1%. Visible fulvic-like fluorescence intensity (IC) drops from 1840 to 338.8, reduced by 81.6%. Ex of peak A shift to 250 nm after adsorption. The blue shift of absorption bands for Ex and Em of peak C was observed (Ex/Em = 315/400 nm), and the fluorescence peak center disappears and only the long band exists. This shows that orange peel active carbon has good adsorption properties for water class fulvic acids and other organic matters.
Adsorption Kinetics of Citrus Peel Active Carbon.
Based on adsorption kinetics, the adsorption law of orange peel active carbon was studied at 25 ∘ C, 35 ∘ C, and 45 ∘ C, respectively. The absorptivity of active carbon can be calculated by
where is adsorption, mg/g, is adsorbed solution volume, mL, 0 and are the concentration of TOC in water, respectively, mg/L, and is the quality of active carbon. According to Figure 10 , under different temperature conditions, the absorbance of TOC increased quickly in the initial 1 h and reached adsorption equilibrium after 4 h. The absorbance decreased with the increase of temperature. This indicates that lower temperature is beneficial to the adsorption process of active carbon.
The Lagergren equation (pseudo-first-order kinetic equation) adsorption mechanism and pseudo-two-order kinetics equation are suitable for the expression of the solid adsorption mechanism in aqueous solution [29] . Lagergren kinetic equation can be expressed as follows: where is the equilibrium adsorption capacity (mg/g); is adsorption quantity at a time (mg/g); and 1 is adsorption kinetics rate constant (min −1 ). Equation (1) can be integral as follows:
The pseudo-second-order model provided by Ho has been widely used to describe the various adsorption systems. The pseudo-second-order model can be expressed as
where is the adsorption rate constant [g(mg ⋅ ℎ) −1 ]. The integral linear can be expressed as follows:
Intraparticle diffusion model can be expressed as follows:
where is the diffusion rate constant [mg/(g/min)]. Liquid film diffusion model can be expressed as follows:
where 0 , , / , and are the initial concentration, the concentration at min, the adsorption area, the ratio of volume of solution, and adsorption time, respectively, and is the diffusion coefficient. The experiment data of the adsorption process can be fitted by (3) and (4), respectively (Figures 11(a) and 11(b) ). The diffusion rate of absorbent in the interface of active carbon increased with the increasing temperature. Thus, the adsorption rate constant increased with the increasing adsorption rate. The adsorption process of active carbon includes three steps, such as film diffusion, the particle diffusion, and adsorption reaction. Adsorption reaction is the fast step. The plot to 0.5 in Figure 11 (c) and the plot ln(1 − / ) to are shown in Figure 11 (d). According to Figure 11(c) , there is an inflection point between 1.0∼1.5 h, indicating that the influencing factors include particle internal diffusion and liquid membrane diffusion. As seen in Figure 11(d) , there is a straight line deviating from the origin, indicating that film diffusion is the main rate control step in the early adsorption. The absorbate can be absorbed only through the film arriving carbon surface. Organic molecules through the film are a few in the early adsorption and can be absorbed in carbon surface quickly. Therefore, film diffusion is rate control step. When organic molecules arrived, carbon surface increased 8 Journal of Chemistry to a certain extent; the particle diffusion is adsorption rate control step.
Conclusion
Based on the analysis of characteristics of orange peel, this study provides an innovative idea that the natural pore structure of orange peel is beneficial for the formation of mesoporous active carbon. In this paper, orange peel activated carbon with biophile characteristic has been prepared by one-step method. The yield of the as-prepared biological activated carbon is 50.9%. Orange peel active carbon has hydroxyl, carbonyl, methoxy, and lactones hydrophilic functional group. XRD analysis indicates that the substratum trend of orange peel active carbon is obvious. The orange peel active carbon exhibited enhanced reactivity due to small crystallite size and crystallite thickness. The static adsorption experiment indicated that orange peel active carbon has a good adsorption to deal with leachate biochemical tail water. The removal rate of UV 254 is 63.0% and TOC is 59.7%, respectively. Three-dimensional fluorescence spectroscopy has been used to follow the adsorption process. Orange peel active carbon exhibited enhanced ability to adsorb fulvic acids in leachate biochemical water. This research has a deep positive influence in effectively controlling water pollution, improving area water quality, easing orange peel waste pollution, and promoting coordinated development among society, economy, and environment.
